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In Experiment 1, rats living in chambers containing bedding material were injected with
a toxicosis-producing dose of lithium chloride shortly after their initial taste of sweetened
condensed milk. They consumed no additional milk and used the bedding to bury the
spout through which the milk had been delivered, although they did not bury a concur-
rently available water spout. In another control condition, rats did not bury a spout con-
taining a novel solution (saccharin) not paired with toxicosis. In Experiment 2, rats did not
bury a milk spout until milk consumption was followed by toxicosis. In Experiment 3, rats
buried a spout containing Tabasco pepper sauce but not a concurrently available water
spout. Thus, burying the food source appears to be an integral component of the rat's de-
fensive reaction to noxious food.
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Knowledge of an animal's behavioral reper-
toire can provide the basis for major insights
into its performance in laboratory learning ex-
periments (cf. Dunham, 1971; Shettleworth,
1975). For example, Bolles (1970) has argued
that the speed with which a rat acquires an
avoidance response depends on how closely
this response resembles the fleeing, freezing,
or aggressive responses that comprise the rat's
defensive repertoire.
Although research has substantiated Bolles'

view that fleeing, freezing, and aggressive be-
havior are, in fact, ways in which rats respond
to aversive stimulation (e.g., Blanchard &
Blanchard, 1971; Blanchard, Blanchard, &
Takahaski, 1977; Blanchard, Fukanaga, &
Blanchard, 1976; Bronstein & Hirsch, 1976),
recent studies (Pinel & Treit, 1978; Pinel,
Treit, & Wilkie, Note 1) show that the defen-
sive repertoire of the rat is not limited to these
three alternatives. In these studies, rats shocked
once through a wire-wrapped wooden dowel
mounted on a wall of a test chamber did not
flee, freeze, or fight; they returned to the dowel
and buried it with bedding material from the
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floor of the chamber. The rats approached
the dowel, pushing and spraying the bedding
material ahead with snout and forepaws.
Moreover, pairing of the dowel with shock
was critical in directing the burying. Rats
buried the shock-correlated dowel but not an
identical one located on the opposite wall.

EXPERIMENT 1
The objective of the present study was to

determine whether rats would bury condi-
tioned aversive stimuli other than those paired
with local electric shock. More specifically,
the purpose was to demonstrate that rats will
bury the source of a novel solution paired with
toxicosis. Because defensive burying by rats
had not been reported in response to aversive
stimuli other than electric shock, its demon-
stration in a taste-aversion paradigm (Garcia,
Hankins, & Rusiniak, 1974) was a major step
in establishing the generality of the response.
Moreover, it provided support for the view
(Pinel & Treit, 1978) that burying is an im-
portant defensive response in the rat's natural
environment.

METHOD
Subjects

Five 450- to 600-g experimentally naive male
hooded rats (Canadian Breeding Farm and
Laboratories, La Prairie, Quebec) served as
subjects.
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Baseline Conditions
The experiment began by transferring the

rats from individual stainless steel mesh cages

to 43- by 38- by 25-cm test chambers, where
they remained under controlled illumination
(12 hr light/dark) for the duration of the ex-

periment. Except for the transparent lids, the
chambers were constructed of wood. The floor
of each chamber was covered with about 4
cm of San-i-cel, a bedding material of ground
corn cob (Paxton Processing Co., Paxton, Illi-
nois). Purina Laboratory Chow was available
continuously throughout the experiment. Each
subject was handled occasionally prior to con-

ditioning and testing.
The stainless steel spouts (.7 cm in diameter)

of two graduated bottles were inserted through
holes located 7 cm above the floor (3 cm

above the bedding) in opposite corners so that
they protruded 4 cm into each chamber at a

slight downward angle. Initially, each rat was

provided with continuous access to these two
bottles filled with water for at least 7 days.
Then access to the bottles was limited to the
same 1-hr period each day for at least 4 days.

Conditioning
On the conditioning day, a solution of

Borden's sweetened condensed milk, mixed 1:1
(vol/vol) with tap water, was presented to
each rat for 30 min during the usual drinking
period through one (randomly selected) of
the two spouts. No water was available during
this 30-min period. In contrast to the bare
stainless steel water spout, the milk spout had
.5-cm stripes of black electrical tape. After
30-min access to the milk, each rat was re-

moved from the chamber, immediately in-
jected intraperitoneally with 10 cc of a .64%
lithium chloride (LiCl) solution, and placed
in a Plexiglas holding cage for 5 min.

Test Phase
While each rat was in the holding cage, the

bedding material within 10 cm of each spout
hole was distributed evenly at a height of
4 cm by the experimenter. Then each rat
was placed in its chamber, facing one of the
two corners that did not contain a spout hole.
The striped milk spout was still available in
its original position, and 1 min later the plain
spout of the water bottle was inserted through
the other hole.

The height of bedding material at the point
at which both the milk and water spouts en-
tered the box was recorded about a dozen
times by the experimenter or by an automated
video recorder during the 24 hr (42 hr for Rat
3) after the LiCl injection. Cumulative con-
sumption from the water and milk bottles
was recorded 2 hr and again 24 hr (42 hr for
Rat 3) after the LiCl injection.

Control Procedure
Approximately 24 hr following the comple-

tion of the first 24-hr test, the bedding material
in the chambers was leveled by the experi-
menter and the 23-hr water-deprivation sched-
ule reinstated for Rats 2, 4, and 5. After the
three rats had been maintained on the depri-
vation schedule for at least 2 days, the bed-
ding material was leveled again, and a .2%
(wt/vol) saccharin solution was made avail-
able from a striped spout through the same
spout hole from which milk had previously
been available. The spout of the water bottle
was inserted through the other hole. Saccharin
and water consumption as well as the accumu-
lation of bedding material were recorded over
the ensuing 24-hr period as before.

RESULTS
A conditioned aversion to milk was estab-

lished in all five rats. Although each rat drank
substantial amounts of milk in the 30-min
period before poisoning, they did not consume
measurable amounts during the ensuing 24-hr
period (see Table 1). In contrast, substantial
volumes of water were consumed during the
test. Moreover, every rat deposited substan-
tially more bedding at the milk spout than at
the water spout (Figure 1). In fact, only one
rat failed to cover the milk spout completely
with the bedding. Rat 5 deposited the bedding
material more in front of the spout than did
the other rats, and as a result the milk spout
remained exposed where it entered the box
although the tip itself was covered (see un-
connected points, Figure 1). Rat 5 was also
the only subject that did not remove some of
the bedding from beneath the water spout
during the test.
The topography of the burying behavior

generally resembled that observed when rats
bury well-defined sources of electric shock (cf.
Pinel & Treit, 1978). The rats repeatedly
moved toward the milk spout, spraying the
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Table 1
Fluid Intake (ml) in Experiment 1

Water Milk (poisoned)
2hr 24hr .5 hr 2 hr 24 hr

Rat after LiCI after LiCI before LiCI after LiCI after LiCI
1 15 55 6 0 0
2 10 35 8 0 0
3 10 50a 9 0 O'
4 10 40 3 0 0
5 10 50 4 0 0
a42 hr after LiCl.

bedding ahead
the snout and
the alternating

with shoveling movements of
rapid pushing movements of
forepaws.

Two rats (3 & 5) eventually removed some
of the bedding material that they had ac-
cumulated over the milk spout.

rat *1 milk

water

*2

*3

-_

#4

_ _v _ ~~ ~~~~

42

.5 ~~~~~~
0 5 10 15 20 25

Hr After LiCI
Fig. 1. Height of bedding material deposited at the water and milk spouts at various times after injection

of LiCl. Height scores are cm above (+) or below (-) point at which spout entered box. Points above B are

averages of the height of material at the two spouts during the last 7 baseline days. (These data were not col-
lected for Rats 2 and 3). Points above 0 hr were determined by the experimenter's leveling of the bedding,
not by the behavior of the rat. A video recorder malfunction resulted in the loss of several observations for Rat
1. For Rat 5 a measurement of the height of material at the tip of the spouts 12 hr after the LiCl injection is
indicated by the unconnected points.
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rat #2

water s
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;accharin
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HrrOf Access

Fig. 2. Height of bedding material deposited at the water spout and at the saccharin spout at various times
after their introduction. Other details are as in Figure 1.

The results of the second test are presented
in Figure 2. When consumption of a novel
solution (i.e., saccharin) was not followed by
an injection of LiCl, no subject accumulated
bedding around the novel-solution spout. Rats
2, 4, and 5 drank 50, 40, and 50 ml of saccharin
during the 24-hr test period. Water intakes
in this period were 30, 33, and 50 ml.

EXPERIMENT 2
In Experiment 1, rats buried a milk spout

after the consumption of a novel milk solu-
tion had been followed by toxicosis, but they
did not bury a water spout or the source of
a novel saccharin solution that had not been
paired with toxic effects. Although these re-

sults suggested that the burying was being di-
rected by the pairing of the milk spout with
the toxicosis, they did not rule out the possi-
bility that the burying resulted from a ten-
dency to bury objects paired with the flavor
of the milk solution. Thus, in Experiment 2
the responses of rats to "poisoned" and "un-
poisoned" milk solutions were compared di-
rectly.

METHOD
Subjects
The subjects were three 350- to 400-g male

hooded rats housed and maintained up to the
end of the baseline period as in Experiment 1.

Unpoisoned-Milk Test
After 30 min of access to the milk solution

in the striped spout, each rat was removed
from the test chamber. The experimenter lev-
eled the bedding and 5 min later returned
each rat to begin the 24-hr test period.

Poisoned-Milk Test
At the end of the 24-hr test period, both

water and milk bottles were removed. The
above sequence of events was repeated 24 hr
later except that this time LiCl was injected
after the 30-min period of access. Rats 6 and 8
then were observed for 24 hr. The third rat
(7) started to drink milk about 20 hr after the
LiCl injection. Consequently, the observation
period was extended for this subject. Then it
was deprived for another 24 hr, and another
milk-LiCl pairing was administered before a

subsequent 24-hr test period.

RESULTS
Fluid intake during the unpoisoned-milk

and poisoned-milk tests are shown in Table 2.
As in Experiment 1, a conditioned aversion to
milk clearly was established, although for Rat
7 two milk-LiCl pairings were necessary. (The
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Table 2
Fluid Intake (ml) in Experiment 2

UNPOISONED-MILK PHASE
Water Milk (unpoisoned)

24 hr after re-
2 hr after re- 24 hr after re- .5 hr before 2 hr after re- turn to

Rat turn to chamber turn to chamber removal turn to chamber chamber

6 24 42 10 5 20
7 16 60 9 1 23
8 26 60 5 4 38

POISONED-MILK PHASE
Water Milk (poisoned)

2 hr after 24 hr after .5 hr before 2 hr after 24 hr after
LiCl LiCl LiCl LiCl LiCl

6 8 45 10 1 1
7 5(5)- 60(60)a 10(4)a O(0)a 3b(0)a
8 50 74 9 0 0

"Measures in parentheses were taken after the second milk-LiCl pairing.
bThis rat drank another 27 ml of milk shortly after the completion of the first 24-hr test.

failure to produce a more complete condi-
tioned milk aversion in Rat 7 after its second
exposure to the milk solution was followed
by toxicosis may have been due partly to the
fact that by the second phase of the experi-
ment the milk solution was no longer novel.
Food-aversion learning progresses most rap-
idly when toxicosis follows consumption of
novel foods [e.g., Kalat, 1974].)

Figure 3 shows the height of bedding mate-
rial deposited at the milk and water spouts
when milk was not paired with LiCl (top
panel for each rat) and when milk was paired
with LiCl (bottom panel for each rat). As in
Experiment 1, when the consumption of the
milk solution was followed by toxicosis, the
rats accumulated a higher pile of bedding
material at the milk spout than at the water
spout. However, when milk intake was not
paired with poisoning, the milk spout was
never buried. Thus, it seems that pairing of
milk spout and toxicosis was the critical fac-
tor in eliciting burying. The results for Rat
7 illustrate this point. This rat did not bury
the milk spout when milk consumption was
not followed by toxicosis or after the first
injection of LiCl after which it continued to
drink milk (values not in parentheses, Table
2); however, it did bury the milk spout after
the second milk-LiCl pairing after which it
did not drink milk (values in parentheses,
Table 2).

All three rats eventually removed at least
some of bedding material they had accumu-

lated at the poisoned milk spout, but only
Rats 7 and 8 uncovered the spout. Rat 8 sub-
sequently reburied it.

EXPERIMENT 3
The results of Experiments 1 and 2 estab-

lished that rats will bury the source of a novel
flavor that has been paired with toxicosis.
Experiment 3 determined whether LiCl poi-
soning was necessary for eliciting such burying
or whether rats would bury the source of a
solution with an inherently aversive taste.

METHOD
Subjects
The subjects were four 350- to 400-g male

hooded rats housed and maintained up to
the end of the baseline period as in Experi-
ment 1.

Procedure
The bedding material on the floor of the

test chamber was leveled by the experimenter,
and then the rats were presented with an
unmarked water spout and a striped spout
containing undiluted Tabasco pepper sauce.
The rats were observed for 24 hr.

RESULTS
Each rat consumed a small volume of Ta-

basco sauce and a much larger volume of
water during the 24-hr test (see Table 3). Fur-
thermore, all four rats accumulated more bed-
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rat *6 no LiCi

milk

_water
LiCI

*7 noLiCI

1st LiCI

p~~~~~~~~~~~~~~~~~~~~~ cb

2nd LiCl

.8 no LiCi

* _

LiCI

0 5 10 15 20
Hou rs

Fig. 3. Height of bedding material deposited at the milk and water spouts at various times after rats were

returned to their test chambers. The top panel for each rat illustrates the accumulation of bedding when
milk was not followed by LiCl. The results of the tests following LiCl administration are presented in the lower
panels. A few measurements for Rats 7 and 8 were unavailable because of technical problems (e.g., rat sitting
over spout). Other details are as in Figure 1.

ding material at the Tabasco spout than at
the water spout (see Figure 4).

DISCUSSION

Bolles (1970) suggested that the reactions of
rats to aversive stimuli are limited to flight,

freezing, and aggression; however, in the re-

cent study of Pinel & Treit (1978) rats buried
a well-defined source of electric shock even

when the shock-test interval was as long as

20 days. The present observations of rats bury-
ing noxious food show that burying occurs in
response to aversive stimuli other than local-
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Table 3

Fluid Intake (ml) in Experiment 3

Water Tabasco

Rat After 1 hr After 24 hr Afterl hr After24 hr

9 * 2.0 4.0
10 20 60 .5 2.5
11 41 103 .5 2.5
12 22 72 .5 5.0

Exact data unavailable; values within range of
other rats.

ized electric shock. In the first two experi-
ments, every rat pushed bedding material
toward a spout containing a novel milk solu-
tion previously paired with toxicosis; in Ex-
periment 3, each rat accumulated bedding
around the Tabasco spout, presumably be-
cause of its aversive taste.

Rats have been observed to bury noxious
food at least once before. Rzoska's (1954) de-
scription of the behavior of rats to poisoned
bait included the following statement: "The
rats turned their heads away when bait was
brought near them, some pushed it aside with
their forepaws or grasped it fiercely, dropped
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+6.

E

a+6

-6' 0

B

it, or buried it in the litter. Sometimes they
attacked the bait stick" (p. 387). Since rats in
taste aversion experiments are usually tested
in barren chambers with grid or mesh floors,
the paucity of such descriptions is not sur-
prising.

In the present experiments, rats did not
bury spouts that were not paired with toxi-
cosis or noxious tastes. Rats did not bury
sources of novel solutions in Experiments 1
(saccharin) and 2 (sweetened condensed milk)
when consumption was not followed by LiCl.
Moreover, in each of the three experiments,
each rat deposited bedding material at the
spout paired with the aversive fluid but not
at the concurrently available water spout. The
latter observation parallels the results of Pinel
and Treit (1978). They found that rats shocked
by one of two identical dowels buried only
the dowel paired with shock.
During the 24-hr test period, some rats un-

covered aversive solutions that they previ-
ously had buried. We do not know if the rats
"deliberately" uncovered the spout or simply
did not rebury an "accidentally" uncovered
spout. Although rats burying sources of elec-

rat *9

sfLOO Tabasco

water,,p
#10

*11

I ~ ~~~~~~~-_

#12

0 5 10 15 20

Hr Of Access
Fig. 4. Height of bedding material deposited at the Tabasco and water spouts at various times after their

introduction. Other details as in Figure 1.
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tric shock have not subsequently uncovered
them, it is not clear whether this is attrib-
utable to the brevity of the tests or to some
inherent difference in the effect of electric
shock and toxicosis on burying.

Given that rats learn quickly to avoid drink-
ing an aversive solution, an interesting ques-
tion arises as to why they should also bury it.
There appear to be three approaches to this
question. One possibility is that burying is
reinforced by the reduction of conditioned
aversive stimuli (perhaps visual and odor cues
associated with the aversive solution). How-
ever, although negative reinforcement might
explain why burying, once initiated, would
continue, it cannot account for the first bury-
ing sequence of each rat. Another possibility
is that burying occurs through some transfer
process. A problem with this approach, how-
ever, is that it is difficult to imagine the cir-
cumstances under which laboratory rats would
learn burying-like behaviors. The third ap-
proach emphasizes phylogeny. It seems pos-
sible that burying is an "innate defensive
reaction." If one grants this possibility, the
question still arises as to why a rat will bury
aversive solution that it is not going to con-
sume. Perhaps burying is an inherited "altru-
istic" reaction with a status similar to danger-
warning calls of certain species. In any event,
phylogeny does not account totally for bury-
ing behavior. Conditioned aversive stimuli can
play a major role, if not in eliciting or releas-
ing burying, at least in directing it.
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